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SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN that we, TAKAHIRO YAMAGUCHI a subject of 
Japan and residing at Nerima-ku, Tokyo, Japan, MASAHIRO ISHIDA a 
subject of Japan and residing at Nerima-ku, Tokyo, Japan and MANI SOMA 
a subject of U.S.A. residing at Seattle, WA 98177-4611 U.S.A. have invented 
certain new and useful improvements in 

"APPARATUS FOR AND METHOD OF MEASURING JITTER" 

and we do hereby declare that the following is a full, clear and exact 
description of the same; reference being had to the accompanying drawings 
and the numerals of reference marked thereon, which form a part of this 
specification. 
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DESCRIPTION 
APPARATUS FOR AND METHOD OF MEASURING JITTER 

^^mMi^-y-^' (period jitter) (omi^lzit, 9 ^ J^-i y 9 — - T ^ ^ 
-tf (Time Interval Analyzer) :^ ~> a 7. n — 7^ (oscilloscope) ;6^fflV^?>il.T 
V^-So :ine>«Hf n;^:^^ (Zero-crossing Method) >imt^. mw^^-t 
J; ^ fX^aj^^^^li^^p L L (Phase-Locked Loop) 1 1 e> © n ^ ft-^ (MPJ 

^^^) X (t) ^^^j' y ^-/svuT^j- v>r -If 1 2-\#t!^$n^o ^fe^j^^ 

-^x (t) 1 o(^s:±D St ti^®3i:±0 ;6^^j|g®ck -5(3 81^^% M3i:_hD® 

nX^X^m inWi (period)) ^^J^l,. W^mo)^^^ (fluctuation) ■^\^7.V<f 
"^^M^ (histogram analysis) J3ci;0SiJ^L> ^ 0) \:i 7. h 1!^ "7 2^^m 2 {Z^-t 
cfc -9 H^^-r ?)o A-r y^-/^^;^T:h^^■+fH-^V^Tfi, mXi:£ D. Chu. 
"Phase Digitizing Sharpens Timing Measurements" IEEE Spectrum, pp. 28-32. 
1988. J.Wilstrup. "A Method of Serial Data Jitter Analysis Using One-Shot 
Time Interval Measurements" .Proceedings of IEEE International Test 
Conference, pp. 819-823. 1998. f3|5<^ $nTV^ -So 

^tz. Tektronix ih-^ LeCroy ihfi, fflH?* (interpolation method) 

m^m\^tzi^ y mV^^-^ • y 9m\'^:fJW: (interpolation-based 

jitter measurement method)) {±. -9- > 7^ 'J > n^c^^U^fg-f-CQiliJ^T-*— ^ 



^;U:t>'n ;^ 1 4^Atl^n^o v'i^ 9 Ji^^ iy a 7. ::i 1 41^^04^ 

w^r^oizAtl^nti^Wmm^x (t) \:^ri-n ^^-y^iP^ SI^t^S^ 

RMS & Peak-to-Peak Detectorl 9-e^i6e>n'5)o -B^J;! {J^iiJ^fg-^ x (t) 

J;! iiJ^=S:^T3tc^5tj:V>T-*y F^FbI (dead-time) i^^^fz}t>. M 7. h^'^M.M 

i;0 ^^'i?' t;^ hi/^A^iEt<it^-et-r, i^y (overestimation) 

M ^:V^•9Fp^®*^^•^ /Co «^JA«4 0 OMH z COi^ a >y i^^fl^tZ^r y ^iiJ 

^^^^ -f y ^ -/^;i'T:^^^ J; DfTr, 2^¥i^0;i>5 7. 72 p 
s-Cfeo;fe©H^L> MremcJ; Off -^Ac^-^fiZ^^J^fa^&^S. 4 7psi:^ 

zrnzML.ZO)^m^(b\t.T.J. Yamaguchi. M. Soma. M. Ishida, T. Watanabe. and 
T.Ohmi, "Extraction of Peak-to-Peak and RMS Sinusoidal Jitter Using an 
Analytic Signal Method. " Proceedings of 18th IEEE VLSI Test 
Symposium, pp. 395-402. 2000. "CUTt^izB^^ «y ^ PJ^:^?*=&Ji^ Lfco Bnt>0 
6t3^t"ct-5l3, ^^^PLL (Phase locked loop) ESS 1 1 0) T i- u o) 
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Xc(t) =AcCos(2n-fct + ^c-^<^ (t)) 

i:-r^o Ac ^fc ^^^n'^n^ u ^m^(Dmmhm^WLO)<ik^m.. 
m&.mn-^^K> . A<^ (t) \t&.m(D^^^-c^^. mniiLi^m.^t.mtn^o 

x,(t) = H[x,(t)] = sin(27cf,t + 0, - Ai]) (t)) 

u 

M z,(t) = x^(t) + x^(t) 

: T = A^ cos(27cf,t + - A<|)(t) + j A^ sin(27cf,t + 9, - A(|)(t)) 

55 Btfe^ae (t) 

©(t)=[2n:fct + ^c-^<^(t)]mod2;r [rad] 

^^nx^mm=^^f^^<t> (t) ;i^#e>n^o -o^ o v -Tfeffi^*^2 7 }^*5 

j^^c^^feffii? (t) 

^ (t) =2;rfct + ^c-A(Zi (t) [rad] 
(X^^Sn^o feffir y ^ Jose M. Tribolet. "A New Phase Unwrapping 

Algorithm". IEEE Trans. Acoust. . Speech. Signal Processing". vol.ASSP- 
25, pp. 170-177, 1977. Kuno P. Zimmermann , "On Frequency-Domain and Time- 
Domain Phase Unwrapping, "Proc. IEEE, vol.75, pp. 519-520. 1987 t3^$nT 



-3- 



# 



xm^^n^o :io)m'&^Hfzv - TiiLm 12 n f ct + e ciTbK mmnLmd (t) 
;6>e>§imgP3 1 TK^^^n, mmnLme ( t ) (ommmA <t> u). m-^mm^^ 

e (t) =A<^ (t) 
A5#p,n-5o ^(D^oiz.Lxn^ntzmm^mm'^t^mA <i> (t) ;&^-tf n^:^ 07. 

i^- y -^^^ 4 3 T -y- y y 'J y $ n^c 5 > V >y ^ A <^ [n] i: t T tf- 
^7 -y \^-^^iii^3 2 f::A:t/$n. A <^ [n] (=A (ji (nT)) e- ffi max (A 

0 [k])i:. #/jM:^-i7fg rain (A 0 [k]) Hom^ii^ Z tiz^K> ^ ^ y ^^i^ y 



(RMS) 



9 (0 2^^nm.^. m^^mm^^^^(l) (t) t-^hM^yj^^ ^(j>m 

^iq^-S^o '^ciJ^^&ffi^^iS^J^A (t) =&^B^feffi^NI^A 0 (t). fe-5)V^tife 

mm^m.^L(t> (t) i:»<:it^2b^o 



A<|)pp = max(A(t)[k]) - min(A<|)[k]) 
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Summary of the Invention 

5) (Z)S:$:3-9->f y^S^x (t) (DM^m^ii. 
z(t) = x(t) + jH[x(t)] 

= Acos(27i;fot + 9-A<|)(t))+ jAsin(27rfot+e-A(|)(t)) (1) 

x-^^^n^o f 0 «^S'J^^^-t®s*^^s^^-efe "9, fo=i/To-efe^„ z 

(t) ©P^^tSiSc (instantaneous frequency) (i. 

1 ^(o(t)^ 1 ^ x(t)H'[x(t)]-x'(t)H[x(t)] 
To+J 2k 2n x^(t) + H^[x(t)] 



tfji^o mm^mm^^^m ^ (t> (t) ^mmm^z (t) c^nigif^ajx (t) 



[Hz] 





[sec] 



(3) 



in 



lis 



J[k] = Mlil^zMM [sec] (4) 

c: ::-e2 7r/To-e©iij^tt^fev>5T>^#twS^-r'5/ti6-efe-s>„ 

{zmr^^iznmi^m^oy-^a ^ a x^^OizML. mmi^Lmm'^^m ^ </> (t) 
n 7;,^ X rBiore^PiTk.k., fis^^s^To ii-rn/i ^ ® «5 , ^^ TiSii^i-tf n ^ o 

J; ^ y ^^?IJJ; (4) =S:l+mLT 

>y ^ ^i^v>|fS-e^46^:: i:{i-e^^J:V^o mz-^y-zf^) y^'-mmt^^^ 
<^MmWMt\t (oversampling rate) ti^>b-&\^m^\tnmi> ^ (Dm\'&mMt)>± 

t < tsi^o z.(Dmmi^fh^ <-r^fzib\z\t i mmT^ i o^'-( y h. (mmm 
z(D^mx^it^7S:n'ifx:' 1^ ^ :^,^mm^z^^, ^,,^ M-r^&^mmTo (D\t^^ (s) 

\zm-rj:^\z-^ (4) izmw-LxmiE^'r^o 

[sec] (5) 



j^^^j^ A(l)[k + l]-A(i)[k] 



2k 



Tk,k+l 



^^nt Ck] ■^(Dm^^}i^Ztizj:K>^ib^Zti!}^l:t^o 
Tk.kM= t Ck+1] -t Ck] [sec] (6) 

±mmjEmiz^K>j Ck] ^miEt^nmsizmrj^^iz. mm-:? ^ 9 (drm 

(Ideal Value) iKOmm (^^^iz^t) ^/bizxt^o HiSti. +^-ry^S> >y 
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(oversampling rate) ^(D^^itzkiita^o El 8 4^© A (ji Method 

^^To/Tk.kM f^<fc ^MiE^ t^cCV^J®-^, Corrected A <^ Method ;&^To /T,.k., C J; 

m9B<Dmxit. I mmi^tzK) 8 7f.4 y h iMmm:^^tti:4) ©^#j^8%, 3 
^y^c, mmi^ 9 ^^ib^ ^^(Dmmt. mmm (m=o. 5. 1. 2. 3. 

•••) tLXh^^^o m=0. 5mmilLX^ iL-^±i}^K> (^Acf*iz:t>T 

0 (^tz\i^-bT^^K>) "iiu u 7.AiZ:ts{-f^^ -( 5. ■ y 'Sfm(Dm^:^ib 
S/hfii©ll^fi-#-r'5 :i ^3 J; 0, mMi^ y ^ORMSffiJ rms ^ tf-iJ'^y t" 




[sec] 



Jpp = max(J[k]) - min(J[k]) 



[sec] 



(8) 



mTmmLtzmmi^ y 9 co^T. h (siob) ^^e^oD^-r a^' 

• Ti-'y^^-CWmLfzHT.h ^^^2. (0 1 OA) i: ^i±t!^ LT^To ^ti. 
mi HZ^ Corrected ^ <t>m-^m'^Ltzmmi^ y (DRMSmt:\:f- ^ y Yf- 

(DMrn^o^ysm^insitmr^o tzuxit^ 5 o o o ^ hmmizis\^x\tj 

pp = 4 5 p s ib^iE L\^mX'h^o m 1 1 {3 joCt^ J pp®^ilfi 4 5 p s ^Mmt: 
Ltzo 01 OA. B*DJ:UfEll Itz^-Tcfc-pC, Corrected A0^*«, 1^^^ il 

jj Jcc[k] = T[k + l]-T[k] 

W =('Ib+J[k + l])-CI\)+J[k]) 

P =J[k + l]-J[k] [sec] (9) 

jii xm^ri^o Ltzij^-ox^ ±xmm^ritzmmi^ ^y 9 ' t'-^ (om^^hD. ^ 

CZ) R M S fii J cc. rms^ 1^-^^ ■> H'-^ffiJ cc. pp ^^tl^iaT 
/l L 2 

Jcc,RMS=-v [sec] (10) 

V L k=l 

J CC,PP = max(Jcc [k]) - min(Jcc [k]) [sec] (1 1) 

k k 

"C ^ o 
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m 1 0 AfiiJe^f^^ ^ >9-/<ju7i-^-( ■^m-cmi^Ltzmms^ ^ ^(d\i 
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o^-y-^T^v 4 3 f3i3V>T^tffm-t Ze (t) ©HIKcSPXe (t) (D-ifu^aT..^ 

^?nsiii&gpxc ( t ) (Dt^mcDM^m^ i o o% u-^^w, */Jn0^ o%u^juhi 

•tfo:7n:;^©U-<;ui;tT, HuIH«::^lil i:S/J^fS(^) 5 0% ^-<;UV (5 0%) 

^nm-r^o xc ( t ) (D^mK>^^v-:^z^ji'mt: 5 o%u^j\^v (5 o%) ^cr> 

^ (xc ( j - 1 ) -V (5 0%)). (Xc ( j ) -V (5 0%)) ^:^isb. ^izz 

(Xc ( j - 1 ) - V (5 0%)) X (xc ( j ) - V (5 0%)) 
M ^fi-St-r^o Xc (t) ;i>«5 0%U^;L', :ine> 

i CM ^ 

Lis 

y -y-v/^wfaxc ( j - 1 ) -V (5 0%). Xc ( j ) -V (5 0%) (Dn^i^M^ 

^)\^-^m^-ofzZ.}i\zti:y), ^a)^,^\z-iio\if^^yf)vm.yio<^i - I), Xc(j) 
^H^o «9 A:t7$n'6 A <2i [k] iiA<i> [k+1] froVNT^ (4) mfn 

k©35ffrh(3. ^ (4) Tbmn^n. mms^ y ^ ^m:fym^^n^o ^ 
m^m2 9*-^(^ 'J -TffiffiA^s*^R«m^sP4 8 j3A;^$n, -^(^ u - 
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• # 



(3ig^#ti^^cn^^#^(i, ^com^j©!^* (immi^y^) mm^ntzmmi^ 

lfP5 4-\#tj^-rs:i i:/6^-e^^ cfc-5t3 Ltzm^X^^o i>y ^^.tii^S 4iiAtl 

gP32i:, Atl^ntzi^ y 'S^^mcDZm'^i^ (RMS) iK=&l+m-r ^ RM St^tB 
^3 3 Atl^ntzi^y ^^^(DMT. h ^'^^^^46^ t ;^ h i^'^AJi^^ 1 

suti^mvifhnfzm^x^^o 
mm?i:^-< y^5 3jbmiE^4 9 0)mtimizmm^nx\^^^mx{i. mje^ 

ntzmmi^ y 9 ^n^^Z^ y 9^iii^5 4 IZAtl^n.^CDmmi^y ^^^I^ZML. 
if-9 y \^-i7^lii^3 (8) tmn^nxmrni^y 9(D\i'-^y -yli' 

-^m.J „i}^^!sb^H. RMS^^ttiSPa 3 -e^ (7) :d^f\-W^nxmmi^ y 9 0) 
RMS^Jrhs*^**^^^ t ;^ h ^'^/^m^^ 1 8-e^«SS^^«v h A 
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p^n. e-i? ^7 ^ e-i^^tBgP3 2 -e^ (i i) t)mn^nv--( ^ ji^y v-'i 
^ jvmmi^ y ^ <D\^-^v ^ if-^fii J ec.pp *^^«)^n. RMs^^j±igP3 3 -e^ 

-y^S 3^*lii§tT, MiEgP4 9 J: "9 ©MiE ^tlfc^S^S^ y ^ ^^IJ 

©f5in;6^— o3?.li2o©^r^cfcV^„ ^Btfirffi^^Aoi (t) ^ > 7" >J > i^-f 
q m 1 2 "ft^flftjll-C^-r J; ^ t'l^B^^P L LiHliiS 1 \ ^KXD^u -7 m^^^M 

fl >; ^y^-^s 6 >&iiLTAD^m§&2 2-\#fc|^bT, ^ u y ^ m^(Dm.m^—'^h 

A;t/M-t=&^tff^-i-zc (t) ^^^-t^mmm^u^^z 3 uTaia 1 3 \z 
^^m^\t-^^y-') (FFT) \z^^m'i^WL^w.o)nm7.^':^ V )vm^ 

ir^y-^) x^gi ( I FFT) is^mLxmmmmm^izmmLxmmm^z^it) 
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# # 



^ny^m^(Dmwim^~r\,fxm^is^mm^2 3-^m^(^-r^tzisb. misiz 

m 1 2^\z^mxm-r<i:^iz')-TiiLmm^^2 7(Diji:bmiz. i&m^^^m 
2i)mmznA^n. i^^feffiMWA<2i (t) (Dis.m^fj^^ibm^^nx 

Atim^x (t) f 0 (35«f t, +^<SVN, -g^Jxf^ 1 0 MH z n 

nzitsuxm^m^mm^2 3\z^K>Atim^ mmmm^) ^^mmm^ntz 

^gP2 9 (136) frj;^. :i (D^^fe;ti;6- e>aseij^i:^ a >y i^^^-^il^^JCCT -5 V 
A^^^iiJ^m-^©^2^^S«To =^*i6^o >y >^2 0 4 (3*3VNT 'J -T^mW. 
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# # 

A<^ (t) ^m-mr^o 

r 2 0 5 {3^V^T, -f a o 4 3 l?^^fiz:ffi^^A <Zi (t) 

iEla5 4 9 C J: D^S^i^^^y ^^^Jt3^L. miU^«-^®S:*:^K! t -tf n ^ n 7.^Pb^ 
-f2 0 9 t3*5V>T.-^#;t:^-f y^5 3 ^MiE^4 9 l±l;tJfiiJ t^^ig L /it^figT?. 

■/2 0 9 J3i3V^T, 1:^-^:7 ^7 lf-i^t^tt}ia5 3 2 (8) =&fflV^T^ 

aas^ y ^©t^-i^^y t°-i:^fiiJpp RMS^mSPa 3 ti^ (7) =S:fflV> 

;^ h V A ^ o 

j,,.pp RMS^mgP3 3 (10) trcfcD-y-'Ti^'yu^y-^-y-^ 

;^x>;/y2 0 3 4'<^>^*^K^To cr>Jt^, ;^ x «y ^ 2 0 6 © -If n ^ n 
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0 9 =l:*lBS-rn(^ J:V^o >y :/2 0 9S.t/ 2 1 1 ^r:}^V^T{iH'-^? V 
Ltzmm^ LT:te'9. ^WH^^ ^ 7. /^T: (D V- y:^ y^\tmx\tm 1 6 fr^i^ 

cfcV^, ^>^V^^i^l^feffi^^^2 8 H U -TfirffiJi^^2 9S.J/it#§^3 1 

y ^ A (t> [n] fjm^n^o 

^tz. m^iiLmib-^mmitmm'^A(f> (t) =srit^-r-5t3tiigi6 4'cr)'j-T& 

Bl 1 54^0:^7^ -y ^2 0 2-e^B$fir;tS^*ai)fc^. ;^7^-y -f2 0 3 a ^Mfe 

ffiE^^§^2 s.tzj; m^^m^mm-^j:m^&.m^zmmL. -^2 o 3 t-e, 

7.7^ «y ^2 0 4-t?J^#§^3 1 \zJ;:K>mmmmiiLm7b^^m^'} -T&ffi^ 
l^*LT^^^^feffi A (t) ^^fsb^Z ^iztj:^o 

-fcfc^tC, «y 7"2 0 2 •/3 0 1 -e^^fi[ffit3>!^ LT^TV^, 
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If 



w 

it :sa 
c . 

M 
i!fl 
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±Bnm\^m^ib^Ati^n. ^cDmm^mm'^^^isb. ±imm^mm'^7b^A 

2. U-r A 1 ©^BH*5V>T, 

3. A 1 Xtt 2 cr>^eir:fcV^T, 
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4. U-f A 3 ©^ttt3 ^3V^T. 

5. A4 (7)^a^3feV^T, 

7. ^ U-r A 3 ©^ttt3*5V^T, 
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9. mm\mm^o)i> y ^ ^mi-mt^yDm-^^-ox^ 
p 10. ^ L.%y^\%^(o-)i^\z.^\^-c. 

1* ^ 

11. ^ U'f A 1 0 0:^?fel3*3V>T, 
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12. U-Y A 1 1 C[):^?*C*3VNT, 

13. U-f A 1 1 (Z):^1*{3*5VNT. 

14. iJ' U-Y A 1 0 CD:^^*^r^V^T. 



ABSTRACT 

nm^m^x (t) ^mmmcommm^z (t) t^^^L, z (t) ^m\^x 

X (t) 0)mm^m^m-^L. ^©^B#feffl*>e> U-Tfir^^lrK^afeLTx (t) 
^^feffiSt^ A <^ ( t ) X (t) (D-lf oi^^ ^;^,^^3^av^^ -< $ >i/TA 

fh^tT^S8>^-;; X (t) com^mmTo 

±IS+>->^'J >i/^rBlFa1PiT,.k.,®ltTo/Tk.k., =^^#bTMiEt, 



3;i 

5 , S 
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